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(57) ABSTRACT 

There is described inkjet recording method and apparatus 
capable of printing very ?ne images stably on every type of 
printing material. The apparatus includes an ink-heating 
section to heat ink; an ink-jetting head having an ink 
channel, a volume of Which is expanded and shrunken by 
applying a ?rst electronic pulse and by successively apply 
ing a second electronic pulse, to emit an ink particle from a 
noZZle of the ink channel onto a recording medium so as to 
form the image on the recording medium; and an ultraviolet 
light irradiating section to irradiate ultraviolet light onto the 
recording medium for ?xing the image; Wherein, at a time 
after the ink particle is emitted by applying a ?rst driving 
pulse to the ink channel and before an ink meniscus, formed 
at the noZZle, groWs to an original stable state, a next ink 
particle is emitted by applying a second driving pulse. 

16 Claims, 11 Drawing Sheets 
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INKJET RECORDING METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an inkjet recording 
method suitable for recording on every type of recording 
medium including a medium With no ink absorptivity. 

Conventionally, Water-soluble liquid ink composition has 
been Widely used as the ink composition for inkjet record 
ing. Besides, there has been proposed a hot-melt type inkjet 
recording method, using a hot-melt type ink composition 
made of Wax or the like that remains solid at a room 

temperature, Where the ink is lique?ed by heating, emitted 
With the aid of some energy, and impacted on a recording 
medium, and then cooled immediately to harden and form a 
recording dot. This ink hardly causes stain during handling 
because it remains solid at a room temperature, and hardly 
causes clogging of noZZles because the ink evaporation 
When melted can be made minimal. In addition, the ink 
seldom causes blurredness because it hardens as soon as it 

is impacted on the medium, and so it produces an advantage 
that various kinds of recording media including Japanese 
paper, draWing paper, postcard, and plastic sheet Without any 
pretreatment. An ink composition that provides excellent 
print quality irrespective of paper quality is disclosed in the 
US. Pat. Nos. 4,391,369 and 4,484,948. 
An UV-setting resin type ink composition having excel 

lent adhesion onto metallic surface is disclosed in the 
Japanese Application Patent Laid-Open Publication No. Sho 
56-93776. Besides, there have been disclosed inkjet record 
ing inks that are hardened by exposure to ultraviolet light: 
for example, the ink disclosed in the US. Pat. No. 4,228,438 
Where epoxy denaturated acrylic resin and urethane dena 
turated acrylic resin are used as binder and pigment in 
particle siZes of 5 pm or less is used as coloring material; the 
ink disclosed in the Japanese Application Patent Laid-Open 
Publication No. Sho 58-32674 (1983) Where cation 
polymeriZing epoxy resin is used as binder; and the ink 
disclosed in the Japanese Application Patent Laid-Open 
Publication No. Hei 05-186725 (1993) Where Water-soluble 
or non-Water-soluble dye is used, all of Which are proposed 
to facilitate printing on ordinary paper and recycled paper. 
As explained above, there has been desired an inkjet 

recording method that is capable of very ?ne printing, in 
picture quality, on various types of recording media such as 
plastic sheet Without using special inkjet print paper. 
When the above-mentioned Water-soluble liquid ink is 

used for printing, printing on a recording medium that has no 
ink absorptivity is impossible and a large ink drying device 
is needed even if special print paper is used. Besides, it is 
applicable only limitedly because very ?ne printing is 
impossible due to resulting blurredness and so the resolution 
is limited. 

While the hot-melt type ink using Wax enables to print on 
a recording medium With no ink absorptivity and also to 
print at high speed, its abrasion resistance is very poor, and 
so the print result is lack of reliability and also less smooth. 
On the other hand, since an inkjet recording method using 

organic pigment as coloring material has greater advantage, 
particularly in vieW of Weather resistance, over an inkjet 
recording method using dye, Wider applications are expected 
including not only of?ce automation equipment, home-use 
printer, and office printer including facsimile but decoration 
on indoor and outdoor poster, large signboard, automobile, 
glass, elevator, Wall and building, and also printing on cloth. 
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With a method Where a recording liquid is hardened by 

exposure to light such as ultraviolet light, it is possible to 
print on a recording medium With no ink absorptivity. 
HoWever, so far as an inkjet recording method that employs 
recording liquid Which uses pigment but does not practically 
contain, in particular, Water and organic solvent, and hardens 
the liquid by light such as ultraviolet light is concerned, 
there has never been reported of any example that is capable 
of very ?ne printing With controlled dot siZes as described in 
the present invention. For very ?ne printing, it is very 
important that siZes of the dots to be generated are controlled 
smaller. When special inkjet print paper is used, siZes of the 
dots to be generated can be controlled only by the amount of 
ink particles. In case of inkjet printing on a printing medium 
With no ink absorptivity, hoWever, it is dif?cult to control the 
dot siZes only by the amount of ink particles. It is particu 
larly dif?cult to control the dot siZes that comprise small 
particles. 

SUMMARY OF THE INVENTION 

To overcome the abovementioned draWbacks in conven 
tional inkjet recording method and apparatus, it is an object 
of the present invention to provide inkjet recording method 
and apparatus, Which make it possible to suppress clogging 
in ink head and blurredness of print and to achieve excellent 
stability (abrasion resistance, etc.) of print product, and 
Which is capable of very ?ne printing With controlled dot 
siZes, and also capable of printing very ?ne images stably on 
every type of printing material. 

Accordingly, to overcome the cited shortcomings, the 
abovementioned object of the present invention can be 
attained by inkjet recording method and apparatus described 
as folloW. 

A method for recording an image on a recording medium 
through an ink-jetting process, comprising the steps of: 
heating an ink, containing at least photo-polymeriZing com 
pound and coloring material, to a temperature in a range of 
40—150° C.; expanding and shrinking a volume of an ink 
channel, Which accommodates said ink and Which is driving 
as electromechanical coverting actions, by applying a ?rst 
electronic pulse for generating a negative presssure in said 
ink channel and by successively applying a second elec 
tronic pulse for generating a positive pressure in it, to emit 
an ink particle from a noZZle of said ink channel onto said 
recording medium so as to form said image thereon; and 
irradiating ultraviolet light onto said recording medium to 
?x said image thereon; Wherein, at a time after said ink 
particle is emitted by applying a ?rst driving pulse, being a 
combination of said ?rst electronic pulse and said second 
electronic pulse, to said ink channel and before an ink 
meniscus, formed at said noZZle, groWs to an original stable 
state, a next ink particle is emitted by applying a second 
driving pulse, being a next combination of said ?rst elec 
tronic pulse and said second electronic pulse. 
(2) The method of item 1, Wherein a ratio betWeen absolute 

voltage values of the ?rst electronic pulse and the second 
electronic pulse, both included in the second driving 
pulse, is de?ned as the equations of 

Where R: the ratio, V1: an absolute voltage value of the 
?rst electronic pulse, V2: an absolute voltage value of the 
second electronic pulse. 
(3) The method of item 2, Wherein a plurality of ink 

channels, each of Which is the ink channel, are provided 
for forming the image, and the electromechanical con 
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verting actions are achieved by deforming partitions of 
the plurality of ink channels in response to the ?rst 
electronic pulse and the second electronic pulse, and 
Wherein the partitions include pieZoelectric elements 
being deformable in a shearing mode. 

(4) The method of item 2, Wherein a duration time of the ?rst 
electronic pulse, included in the second driving pulse, is 
substantially equal to half an acoustical resonance period 
of the ink channel, While a duration time of the second 
electronic pulse, included in the second driving pulse, is 
substantially equal to tWice the acoustical resonance 
period of the ink channel. 

(5) The method of item 2, Wherein an ink emitting amount 
per the ink particle is in a range of 2—20 pl (pico liter). 

(6) The method of item 2, Wherein a diameter of a dot, 
formed on the recording medium by emitting the ink 
particle thereon, is in a range of 50—200 pm. 

(7) The method of item 2, Wherein Water and organic solvent 
are substantially excluded from components of the ink. 

(8) The method of item 2, Wherein a viscosity of the ink is 
in a range of 10—500 mPa~s at a temperature of 30° C. 

(9) The method of item 2, Wherein the recording medium has 
no ink absorptivity. 

(10) The method of item 2, Wherein the coloring material 
includes pigment, a mean dispersion particle-siZe of 
Which is in a range of 10—200 nm, and an added amount 
of Which is in a range of 0.5 to 30 mass-percent. 

(11) An apparatus for recording an image on a recording 
medium through an ink-jetting process, comprising: an 
ink-heating section to heat an ink, containing at least 
photo-polymerZing compound and coloring material, to a 
temperature in a range of 40—150° C.; an ink-jetting head 
having an ink channel, Which accommodates said ink and 
includes electromechanical converting elements, a vol 
ume of said ink channel being expanded and shrunken by 
applying a ?rst electronic pulse to said electromechanical 
converting elements for generating a negative pressure in 
said ink channel and by successively applying a second 
electronic pulse to them for generating a positive pressure 
in it, to emit an ink particle from a noZZle of said ink 
channel onto said recording medium so as to form said 
image thereon; and an ultraviolet light irradiating section 
to irradiate ultraviolet light onto said recording medium 
for ?xing said image thereon; Wherein, at a time after said 
ink particle is emitted by applying a ?rst driving pulse, 
being a combination of said ?rst electronic pulse and said 
second electronic pulse, to said ink channel and before an 
ink meniscus, formed at said noZZle, groWs to an original 
stable state, a next ink particle is emitted by applying a 
second driving pulse, being a next combination of said 
?rst electronic pulse and said second electronic pulse. 

(12) The apparatus of item 11, Wherein a ratio betWeen 
absolute voltage values of the ?rst electronic pulse and the 
second electronic pulse, both included in the second 
driving pulse, is de?ned as the equations of 

Where R: the ratio, V1: an absolute voltage value of the 
?rst electronic pulse, V2: an absolute voltage value of the 
second electronic pulse. 
(13) The apparatus of item 12, Wherein the ink-jetting head 

has a plurality of ink channels, each of Which is the ink 
channel, and emits ink particles by deforming partitions 
of the plurality of ink channels in response to the ?rst 
electronic pulse and the second electronic pulse, and 
Wherein the partitions include pieZoelectric elements 
serving as the electromechanical converting elements and 
being deformable in a shearing mode. 
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4 
(14) The apparatus of item 12, Wherein a duration time of the 

?rst electronic pulse, included in the second driving pulse, 
is substantially equal to half an acoustical resonance 
period of the ink channel, While a duration time of the 
second electronic pulse, included in the second driving 
pulse, is substantially equal to tWice the acoustical reso 
nance period of the ink channel. 

(15) The apparatus of item 12, Wherein an ink emitting 
amount per the ink particle is in a range of 2—20 pl (pico 
liter). 

(16) The apparatus of item 12, Wherein a diameter of a dot, 
formed on the recording medium by emitting the ink 
particle thereon, is in a range of 50—200 pm. 

(17) The apparatus of item 12, Wherein Water and organic 
solvent are substantially excluded from components of the 
ink. 

(18) The apparatus of item 12, Wherein a viscosity of the ink 
is in a range of 10—500 mPa~s at a temperature of 30° C. 

(19) The apparatus of item 12, Wherein the recording 
medium has no ink absorptivity. 

(20) The apparatus of item 12, Wherein the coloring material 
includes pigment, a mean dispersion particle-siZe of 
Which is in a range of 10—200 nm, and an added amount 
of Which is in a range of 0.5 to 30 mass-percent. 
Further, to overcome the abovementioned problems, other 

inkjet recording methods, embodied in the present invention, 
Will be described as folloW: 
(21) An inkjet recording method, characteriZed in that, 

in the inkj et recording method in Which ink containing, at 
least, photo-polymerizing compound and coloring material 
is heated to 40 to 150° C. by a heating means, an image is 
formed on a recording medium as an ink channel being 
expanded and shrunk by an electromechanical converting 
means and ink particle is emitted from a noZZle, and then 
ultraviolet light is irradiated on it, 

at a time after the ink particle is emitted With the aid of the 
?rst drive pulse, comprising the ?rst pulse for generating 
negative pressure and the second pulse to folloW for gener 
ating positive pressure in the ink channel, another ink 
particle is emitted With the aid of the second drive pulse, 
comprising the ?rst pulse for generating negative pressure 
and the second pulse to folloW for generating positive 
pressure in the ink channel, and before the ink meniscus of 
the noZZle returns to the original standby position before the 
previous ink particle emission, the ratio (VI/V2) of the 
absolute value V1 of the voltage of the ?rst pulse over the 
absolute value V2 of the voltage of the second pulse in the 
second drive pulse is 1.0 to 5.0. 
(22) The inkjet recording method, according to item 1 above, 

characteriZed in that multiple ink channels are provided 
and the electromechanical converting means consists of 
pieZoelectric elements that deform the partition of the ink 
channels in a shear mode. 

(23) The inkjet recording method, according to item 1 or 2 
above, characteriZed in that the duration of the ?rst pulse 
in the second drive pulse is practically equivalent to AL 
(half the acoustical resonance period) of the ink channel 
and the duration of the second pulse is practically equiva 
lent to 2AL of the ink channel. 

(24) The inkjet recording method, according to any one of 
items 1 to 3 above, characteriZed in that the ink emission 
per particle is 2 to 20 pl. 

(25) The inkjet recording method, according to any one of 
items 1 to 4 above, characteriZed in that the siZe of the dot 
to be generated on a recording medium is 50 to 200 pm. 

(26) The inkjet recording method, according to any one of 
items 1 to 5 above, characteriZed in that the ink does not 
practically contain Water and organic solvent. 
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(27) The inkjet recording method, according to any one of 
items 1 to 6 above, characterized in that the viscosity of 
the ink at 30° C. is 10 to 500 mPa~s. 

(28) The inkjet recording method according to any one of 
items 1 to 7 above, characteriZed in that the recording 
medium has no ink absorptivity. 

(29) The inkjet recording method according to any one of 
items 1 to 8 above, Wherein pigment is used as the 
coloring material and the mean dispersion siZe of the 
pigment is 10 to 200 nm and the amount added is 0.5 to 
30 Weight %. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present invention Will 
become apparent upon reading the following detailed 
description and upon reference to the draWings in Which: 

FIG. 1 shoWs a perspective vieW of the main components 
of an inkj et printer according to the preferred embodiment to 
Which the present invention applies; 

FIG. 2(a) and FIG. 2(b) shoW perspective vieWs of the 
carriage installed on the inkjet printer shoWn in FIG. 1; 

FIG. 3 shoWs a typical cross-sectional vieW of the carriage 
shoWn in FIG. 2, illustrating along the sub scanning direc 
tion; 

FIG. 4 shoWs a cross-sectional vieW of an ink particle 
emitting device; 

FIG. 5(a), FIG. 5(b) and FIG. 5(c) shoW cross-sectional 
vieWs of the ink particle emitting device, illustrating the 
structure of the sideWall and its motion; 

FIG. 6(a) and FIG. 6(b) shoW typical vieWs of another 
example of an ink particle emitting device; 

FIG. 7(a) and FIG. 7(b) shoW diagrams indicating 
motions of another ink particle emitting device; 

FIG. 8(a) and FIG. 8(b) shoW diagrams indicating 
motions of another ink particle emitting device; 

FIG. 9(a), FIG. 9(b), FIG. 9(c) and FIG. 9(d) shoW 
diagrams indicating an example of the ?rst pulse and second 
pulse; 

FIG. 10 shoWs a diagram indicating an example of the 
Waveform of the drive pulse; 

FIG. 11 shoWs a rough vieW of the bottom of an example 
of a print head unit equipped With radiation irradiating 
portion; 

FIG. 12 shoWs a rough vieW of the side of an example of 
a print head unit equipped With a means for adjusting the 
viscosity by heating; 

FIG. 13 shoWs a rough overall vieW of an example of an 
inkjet recording unit; and 

FIG. 14(A) and FIG. 14(B) shoW diagrams indicating the 
Waveform of the drive pulse for emitting the ink. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to the draWings, a preferred embodiment of the 
present invention Will be detailed in the folloWing. The 
scope of the present invention, hoWever, is not limited to the 
concrete examples shoWn in the draWings. 

FIG. 1 is a perspective vieW of the main components of 
an inkjet printer according to the preferred embodiment to 
Which the present invention applies. 
As shoWn in FIG. 1, the inkjet printer 101 comprises a 

printer body 102 and a support leg 103 for supporting the 
printer body 102. On the printer body 102, a platen 104 that 
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6 
supports the loWer surface of the recording medium P is 
installed approximately level. 
On the left of the platen 104 shoWn in FIG. 1, there are 

provided four replaceable ink tanks 105 for storing UV ink, 
corresponding to four UV ink colors used on the inkjet 
printer 101. 
On the right of the platen 104 shoWn in FIG. 1, there is 

provided a maintenance mechanism 106 that operates to 
clean the emission surface 171 (See FIG. 2(a) and FIG. 2(b)) 
of a recording head 107 and, during the standby time, cap the 
emission surface. Afreely operating shutter 161 for shutting 
up ultraviolet light is provided above the maintenance 
mechanism 106 so that it is open at the time of maintenance 
When the above cleaning and capping are performed and 
shut for the rest of the time. The shutter 161, When shut, is 
so constructed that the illuminance of the ultraviolet light, at 
least, onto the maintenance mechanism 106 is less than 1% 
of the illuminance of the ultraviolet light onto the recording 
medium P at the time When an image is generated. Although 
the maintenance mechanism 106 in this embodiment is so 
constructed to perform cleaning and capping of the emission 
surface at the same position, it is also acceptable to so 
construct the printer as to perform cleaning and capping at 
tWo different positions. If the printer is so constructed as to 
perform cleaning and capping at tWo different positions, it is 
preferable to provide tWo different shutters corresponding to 
the tWo positions. 
Above the platen 104, there is provided a carriage 191 that 

reciprocates along the main scanning direction A as guided 
by a carriage rail 191 extending along the main scanning 
direction A. A recording head 107 and an ultraviolet light 
irradiating portion 108 are installed on the carriage 109. 

Detailed description about the carriage 109 is given 
beloW, making reference to FIG. 2(a) and FIG. 3. FIG. 2(a) 
is a perspective vieW of the carriage 109, vieWing from 
approximately the same direction in FIG. 1 and FIG. 2(b) is 
a diagonal vieW of the carriage 109, vieWing upWard from 
the right bottom in FIG. 1. FIG. 3 is a typical cross-sectional 
vieW along the sub scanning direction B perpendicular to the 
main scanning direction A. 
On the left of the carriage 109 in FIG. 3, there is provided 

the ?rst image recording portion 110A that generates an 
image as the carriage 109 moves to the right along the main 
scanning direction A. On the right of the carriage 109 in FIG. 
3, there is provided the second image recording portion 
110B that generates an image as the carriage 109 moves to 
the left along the main scanning direction A. Each of the ?rst 
and second image recording portions 110A and 110B is 
equipped With multiple recording heads 107 (107a, 107b) 
for emitting UV ink, arranged in series along the main 
scanning direction A. 

Four each recording heads 107a and 107b, corresponding 
to the four colors (YelloW (Y), Magenta (M), Cyan (C), and 
Black of UV ink used on the inkjet printer 101, are 
provided on the ?rst and second image recording portions 
110A and 110B, respectively. 
Each recording head 107 is so installed that the upper 

surface of the recording medium P, carried on the platen 104, 
is opposed to the emission surface 171 of the recording head 
107. Besides, each recording head 107 is equipped With 
multiple emission ports 173 of the noZZles 172 (See FIG. 4) 
on its emission surface, and the multiple emission ports 173 
are arranged in a roW (a roW of noZZles) along the sub 
scanning direction B in line With the noZZles 172. Further, 
each recording head 107 has an emission mechanism (not 
shoWn) such as a pieZoelectric element inside, and is 
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designed to emit UV ink particle independently from each 
emission port 173 With the aid of the function of the 
emission mechanism. 

The four colors can be arranged symmetrically (for 
example, in order of KCMYYMCK or YMCKKCMY) so 
that no color difference is caused in the tWo-directional 
printing and that the UV hardening characteristic does not 
deteriorate. 

In the rear of the recording head 107a and 107b at the ?rst 
and second image recording portions 110A and 110B, 
respectively, there are provided multiple ink channels 151, 
for each color, for supplying the UV ink stored in the ink 
tank 105 to the recording heads 107a and 107b. The ink 
channel 151 comprises an ink tube (not shoWn) extending 
from the ink tank 105 up to the carriage 109, intermediate 
tanks 142a and 142b for storing temporarily the UV ink 
supplied through the ink tube, and ink supply tubes 141a and 
141b for supplying the UV ink from the intermediate tanks 
142a and 142b to the recording heads 107. The UV ink 
stored in each intermediate tank 142a and 142b is supplied 
to each recording head through the above tubing. 

Hereunder, the inkjet recording method and ink particle 
emitting device according to the present invention that can 
be applied to the above-mentioned inkjet printer are 
described in detail. 

The ink particle emitting device used in the present 
invention has the mechanical construction as shoWn in FIG. 
4 and FIGS. 5(a) to 5(c). It is a shear-mode ink particle 
emitting device. In FIG. 4, 1 denotes an ink tube, 2 denotes 
noZZle piece, 3 denotes a noZZle, 4 denotes an ink meniscus 
to be formed by the ink, S denotes the side Wall that 
functions as an electromechanical converting means, 6 
denotes a cover plate, 7 denotes an ink supply port, and 8 
denotes a board. As shoWn in FIGS. 5(a) to 5(a), the ink 
channelAis constructed by the side Wall S, cover plate 6 and 
board 8. Although the noZZles 3 are provided on each ink 
channel, some are not shoWn in FIGS. 5(a) to 5(c). 

Although FIG. 4 shoWs a cross-sectional vieW of an ink 
channel equipped With a noZZle, an actual shear-mode ink 
particle emitting device H is equipped With a number of ink 
channels A1, A2, . . . An, separated by multiple side Wall S1, 
S2, . . . , Sn+1, betWeen the cover plate 6 and board 8. One 
end of the ink channel A1 continues to the noZZle 3 formed 
on the noZZle piece 2 and the other end continues to the ink 
supply port 7 and is connected to the ink tank, not shoWn, by 
the ink tube 1. On the tip of the noZZle, the ink meniscus 4 
is formed by the ink. On the side Wall S1, for example, 
electrodes Q1 and Q2 are attached closely, and on the side 
Wall S2, electrodes Q3 and Q4 are attached closely. In a 
similar manner, on each side Wall of the ink channels A2, . . . 

An, electrodes are attached closely on both sides. For 
example, as shoWn in FIG. 5(b), the electrode O1 is con 
nected to the ground and a drive pulse, comprising a positive 
?rst pulse having the Wave height V1 (absolute value) and 
a negative second pulse having the Wave height V2 (absolute 
value) as shoWn in FIG. 10, is applied to the electrode Q2 
from a drive circuit, not shoWn. Because of this drive pulse, 
an ink particle is emitted from the noZZles 3 as a result of the 
operation described hereunder. 

Each of the side Walls S, S1, S2, . . . is made of tWo 
pieZoelectric materials of different polariZation directions as 
shoWn by the arroWs in FIGS. 5(a), 5(b) and 5(c), forming 
the side Walls Sa, S1a, S2a, . . . and Sb, S1b, S2b, . . . , 

respectively, and it Works as an actuator that deforms as a 
drive pulse is applied. The side Walls S1 and S2 do not 
deform as shoWn in FIG. 5(a) While no drive pulse is applied 
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on the electrodes Q2 and Q3, but When a drive pulse of the 
above-mentioned Waveform is applied to the electrodes Q2 
and Q3, a magnetic ?eld perpendicular to the polariZation 
direction of the pieZoelectric material is generated by the 
voltage +V of the ?rst pulse. Consequently, a shear defor 
mation is generated in the bonded surface of the side Wall on 
both side Walls S1a and S1b and, for the same reason, a shear 
deformation in the opposite direction is generated also on 
the side Walls S2a and S2b. Thus, as shoWn in FIG. 5(b), the 
side Walls S1a and S1b and the side Walls S2a and S2b 
deform opposite to each other toWards the outside and the 
volume of the ink channel A1 becomes greater in this 
example. Next, because of the voltage —V of the second 
pulse of the drive pulse, the side Walls S1a and S1b and the 
side Walls S2a and S2b deform opposite to each other as 
shoWn in FIG. 5(c), and the volume of the ink channel A1 
decreases very quickly and the inner pressure of the ink 
channel A1 changes. With the aid of this operation, the ink 
meniscus 4 formed inside the noZZle by part of the ink in the 
ink channel A1 is changed and an ink particle is emitted 
from the noZZle 3. Each ink channel is operated similarly by 
applying a drive pulse, and an ink particle is emitted. 

HoWever, When the sides Walls S1 and S2 of the ink 
channels A1 are operated to deform as above, the adjacent 
ink channel A2 is affected by the operation. In a normal 
procedure, because of this, the ink channels A1, A4, A7, . . . , 
for example, are driven by a pulse of the same phase and 
then the ink channels A2, A5, A8, . . . are driven in the next 
cycle. In other Words, to generate an image, three ink 
channels are operated as one unit and the ink channel in each 
unit is driven sequentially. 

The above is a method of emitting an ink particle utiliZing 
the acoustical resonance (hereinafter called the resonance) 
of the ink channel, Where a drive pulse that ?rst increases 
and then decreases the ink channel volume is applied in 
adaptation to the resonance period of the ink channel and an 
ink particle is emitted With the combined aid of the ?rst 
pulse and the second pulse. According to a prior art, in the 
drive pulse shoWn in FIG. 7, both the absolute value of the 
voltage +V1 of the ?rst pulse in adaptation to the resonance 
period of the ink channel and that of the voltage —V1 of the 
second pulse to folloW are equally |V|, and the pulse Width 
of the ?rst pulse is half the resonance period, to be explained 
later, that is, AL. The pulse Width of the second pulse is 2AL. 
Adriving method like the above has been employed because 
driving the ink channel as above enables to emit the ink 
particles ef?ciently. 
Embodiment of the present invention is not limited to 

those shoWn in FIGS. 4 and 5(a) to 5(c), but various 
mechanical constructions are possible. Another embodiment 
of the ink emitting device according to the present invention 
is shoWn in FIGS. 6(a) to In FIGS. 6(a) to 8(b), the 
same components as in FIG. 4 are denoted the same. 

L in FIGS. 6(a) and 6(b) is the length of the ink channel 
A, and AL, a half the acoustical resonance period of the ink 
channel A is expressed by ALzL/AC. AC is the velocity of 
the pressure Wave inside the ink channel. It must be noted 
that the length of the ink channel A does not exactly equal 
to the geometric length L shoWn in FIG. 6(b) but that it is an 
effective length of the ink channel A. The sign z in the 
expression above contains a nuance like this. 

If the velocity of an ink particle, emitted by applying a 
rectangular Wave to the electromechanical converting means 
of the ink emitting device, is measured, Where the voltage of 
the rectangular Wave is kept constant but the pulse Width of 
the rectangular Wave is varied, AL, a half the acoustic 
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resonance period of the ink channel A is obtained as the 
pulse Width at Which the particle velocity becomes the 
maximum. 

FIGS. 7(a) and 7(b) shoW the arrangement of the ink 
channels of the ink particle emitting device in FIGS. 6(a) 
and 6(b) and the motion of each ink channel at the time When 
a drive pulse is applied. 

The ink channels A1, A2, A3, . . . are formed so as to 
sandWich the air channel D that is formed as space. Elec 
trodes Qa are provided on the side Walls forming the ink 
channels A1, A2, A3, . . . and electrodes Qd are provided on 
the side Walls forming the air channel D. In an eXample 
shoWn in each FIGS. 7(a) and 8(a), each pulse P1 and P2 is 
applied to the electrodes Qa from a drive circuit, not shoWn. 

To start With, as shoWn in FIG. 7(b), the pulse P1 With 
positive voltage +V for increasing the volume of the ink 
channels A1, A2, A3, . . . is applied to the electrode Qa. 
Then, as shoWn in FIG. 8(a), the pulse P2 With negative 
voltage —V for decreasing the volume of the ink channels 
A1, A2, A3, . . . is applied to the electrode Qa. 
A drive pulse comprising the pulse P1 and pulse P2 is 

applied to the electrode Qa as above, the ink particles ?y out 
of the ink channels A1, A2, A3, . . . 

FIGS. 9(a) and 9(b) shoW the voltage of the electrodes Qa 
and Qd in the driving operation of the ink channels A1, A2, 
A3, . . .As understood from FIGS. 9(a) and 9(b), a positive 
pulse P1 and a negative pulse P2 are applied to the electrode 
Qa in this driving operation. 

There is another method of driving the ink channels 
available as eXplained beloW. 

FIGS. 9(a) and 9(LD shoWs the voltage of the electrodes 
Qa and Qd in another driving operation. In this driving 
operation, as shoWn in FIGS. 9(a) and 9(a'), a pulse P1 With 
positive voltage is applied to the electrode Qa and a pulse P2 
With positive voltage is also applied to the electrode Qd from 
a drive circuit, not shoWn. 

While increasing the volume of the ink channels A1, A2, 
A3, . . . is performed in a similar manner as in FIGS. 8(b) 

and 9(a), a positive voltage +V is applied to the electrode Qd 
of the air channel in the driving operation for decreasing the 
volume of the ink channels A1, A2, A3, . . . With this, a 
similar driving operation as in FIG. 8(a) Where a negative 
voltage is applied to the electrode Qa is available. 
A driving method shoWn in FIGS. 8(b), 9(a) and 9(d) is 

advantageous in vieW of circuit design because a positive 
voltage pulse can be used for driving. 

FIG. 10 shoWs the Waveform of the drive pulse that drives 
the side Walls S1, S2, . . . , Which functions as an electro 

mechanical converting means for converting a drive pulse to 
mechanical displacement, so as to emit the ink in the present 
invention. As eXplained before, the drive pulse in FIG. 10 
comprises the ?rst pulse With the voltage +V1 for driving the 
side Wall S to increase the volume of the ink channel A and 
the second pulse With the voltage —V2 for driving the side 
Wall S to decrease the volume of the ink channel A. In the 
folloWing description on the preferred embodiment, each ink 
channel A1, A2, . . . is simply called ink channel A eXcept 
When the description relates to individual ink channel A1, 
A2, . . . In a similar manner, components of the ink channel 

such as each side Wall S1, S2, . . . is simply denoted as side 
Wall S, Without a numbered suf?X. 

The ratio (VI/V2) of the absolute value V1 of the voltage 
of the ?rst pulse over the absolute value V2 of the voltage 
of the second pulse is 1.0 to 5.0. If V1/V2 exceed this range, 
it is likely to happen that no ink particle is emitted or that a 
satellite becomes greater and consequently the image quality 
decreases. 
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In the present invention, the ink emission per particle is 

preferably 2 to 20 pl. Arange of 2 to 10 pl is more preferable 
and that of 4 to 7 pl is further more preferable. If the 
emission eXceeds 20 pl, very ?ne printing becomes difficult 
and, if it is less than 2 pl, the density of an image to be 
generated becomes loWer. 

In the present invention, the siZe of the dot to be generated 
on a recording medium is preferably 50 to 200 pm. A range 
of 50 to 150 pm is more preferable and that of 55 to 100 pm 
is further more preferable. If the siZe is less than 50 pm, the 
density of an image to be generated becomes loWer and, if 
it eXceeds 200 pm, very ?ne printing becomes dif?cult. 

Controlling the dot siZe to achieve a very ?ne image is 
dif?cult only by controlling the amount of ink particles. The 
dot siZe control as in the present invention become possible 
and hence very ?ne printing becomes possible by adjusting 
not only the amount of ink particles but also the ink 
viscosity, ultraviolet light intensity and irradiation timing. 

In the present invention, it is preferable that the ink does 
not practically contain Water and organic solvent. Not prac 
tically containing Water and organic solvent means the Water 
and organic solvent content is less than 1 Weight %. Organic 
solvent applicable to the present invention includes high 
boiling-point loW-volatility polyatomic alcohol, such as 
glycerin, ethylene glycol, diethylene glycol, triethylene 
glycol, propylene glycol, dipropylene glycol, heXylene 
glycol, polyethylene glycol, and polypropylene glycol. Also 
applicable are the monoether compound, diether compound 
and ester compound thereof, such as ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, ethyl 
ene glycol monobutyl ether, diethylene glycol monomethyl 
ether, diethylene glycol monoethyl ether, and diethylene 
glycol monobutyl ether. Besides, cellosorb group such as 
methyl cellosorb and ethyl cellosorb, carbitol group such as 
methyl carbitol and ethyl carbitol, morpholine group such as 
morpholine, N-ethyl morpholine, and pyrolidone group such 
as N-methyl-2-pyrolidone are also applicable. Further, high 
volatility monoatomic alcohol such as ethanol, propanol, 
isopropanol, and butanol are also applicable. Furthermore, 
ethyl acetate, butyl acetate, methyl benZoate, methyl ethyl 
ketone, methyl isobutyl ketone, cycloheXanone, N-methyl 
2-pyrolidone, N,N dimethyl formaldehyde, ethylene glycol 
ether group, ethylene glycol acetate group, propylene glycol 
ether group, and propylene glycol acetate group are also 
applicable. 
An ultraviolet light source used in the present invention 

can be mercury lamp, metal halide lamp, eXymer lamp, UV 
laser, and LED. 
A basic irradiation method is disclosed in the Japanese 

Application Patent Laid-Open Publication No. Sho 
60-132767. According to the publication, a light source is 
installed on both sides of the head unit and the head and light 
source are scanned by a shuttle method. The light is irradi 
ated in a certain length of interval after the ink is impacted. 
Besides, hardening the ink is completed by another light 
source that is not moved. There is disclosed in WO 9954415 
a method utiliZing optical ?ber and a method Where a 
collimated light source is directed to a mirror surface 
installed on the side of the head unit and UV light is 
irradiated on a recorded area. In the recording method 
according to the present invention, any of these irradiation 
methods is applicable. 

To be concrete, a strip-shaped metal halide lamp bulb or 
ultraviolet lamp bulb is preferable. It is possible to construct 
the device at loWer cost if the light source is practically ?Xed 
on a recording device and moving parts are eliminated. 
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It is preferable that irradiation is performed at each 
printing of each color. In other Words, it is a preferred 
embodiment that tWo light sources are provided, regardless 
of Whatever exposure method is employed, and hardening is 
completed by the second light source. This contributes to 
achieving high Wettability of the ink to be impacted next and 
bonding performance betWeen the present and next inks, and 
constructing the light source at loWer cost. 

It is preferable to vary the exposure Wavelength or expo 
sure illuminance of the ?rst light source from that of the 
second light source. The ?rst irradiation energy is set smaller 
than the second irradiation energy, that is, the ?rst irradiation 
energy is set to 1 to 20% of total irradiation energy, or more 
preferably to 1 to 10%, or further more preferably to 1 to 5%. 
Irradiation at different illuminance helps achieve favorable 
molecular Weight distribution after hardening. In other 
Words, if irradiation at high illuminance is performed at a 
time, high polymeriZation ratio is attained but the molecular 
Weight of the polymeriZed composition is loWer and accord 
ingly necessary strength cannot be achieved. For a compo 
sition like ink for inkjet printing, Where viscosity is 
extremely loW, an irradiation method as above produces 
remarkable effect. 
By using longer Wavelength in the ?rst irradiation than in 

the second irradiation, the surface layer of the impacted ink 
can be hardened in the ?rst irradiation and hence blurredness 
can be controlled, and the ink layers close to the recording 
medium up to Which an irradiated light hardly reaches can 
be hardened in the second irradiation and hence bonding 
performance can be improved. The Wavelength of the sec 
ond irradiation is preferred to be longer in order to accelerate 
hardening of the inside of ink. 
A characteristic of the recording method according to the 

present invention is that the above-mentioned ink is 
employed and the ink is heated to a constant temperature and 
also that the elapse time from the impact of the ink to the 
irradiation is set to 0.01 to 0.5 second, or preferably to 0.01 
to 0.3 second, or more preferably to 0.01 to 0.15 second. By 
controlling the elapse time from the impact of the ink to the 
irradiation extremely shorter, the impacted ink can be pre 
vented from being blurred before it is hardened. Beside, 
even in case a porous recording medium is used, the ink can 
be exposed to the irradiation light before it penetrates deep 
into pores up to Which the light cannot reach, and hence 
residual unreacted monomer can be minimiZed and smell 
can be reduced. This means use of the ink according to the 
present invention produces a remarkable synergy effect. 
With the recording method as above, siZes of the dots 
impacted even on various types of recording media of 
different surface Wettability can be kept constant and hence 
the image quality can be improved. In order to attain an 
excellent color image, it is preferable to superpose colors in 
order of the brightness, starting from the loWest. If ink With 
loW brightness is superposed on the top, the irradiation light 
hardly reaches the loWer layers of the ink, and hence 
hardening sensitivity is apt to deteriorate, residual monomer 
to increase, smell to be caused, and bonding performance to 
decrease. Irradiation can be performed in one time after all 
colors of ink are emitted, but individual irradiation on each 
color is preferable in vieW of accelerated hardening. 
On a printing unit equipped With multiple heads of 

different colors, it is preferable to construct the unit so that 
irradiation light is permeable among the colors. To be 
concrete, a portion betWeen the heads is made of irradiation 
permeable member or no member is installed betWeen the 
heads. In the present invention, a simple construction as 
above is preferable because irradiation can be performed for 
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12 
each color immediately after the ink is impacted and, in 
particular, the next color to folloW can be prevented from 
blurredness and also, in tWo-directional printing, difference 
betWeen the blurredness in one direction and in the other can 
be prevented (preventing difference betWeen the colors in 
one direction and in the other). 

In the present invention, it is preferable to heat the above 
ink to 40 to 150° C., or more preferably to 40 to 100° C., so 
as to loWer the viscosity in vieW of stable emission of the 
ink. If the temperature is beloW 40° C. or above 150° C., ink 
cannot be emitted smoothly. Because photosetting type ink 
has generally higher viscosity than Water ink, viscosity 
variation caused by temperature variation is greater. Because 
the viscosity variation gives a direct and remarkable effect 
on the particle siZe and particle emission velocity, resulting 
in poor image quality, the ink temperature needs to be kept 
as stable as possible. The control range over the ink tem 
perature shall be set to 15° C., or preferably to 12° C., or 
more preferably to 11° C. The recording device is equipped 
With a means for stabiliZing the ink temperature, and the 
portions to be kept at a constant temperature include all 
tubes and parts from the ink tank (or intermediate tank if 
provided) to the emission surface of the noZZles. 

For the temperature control, it is preferable to install 
multiple temperature sensors on various points on the tubing 
and heat control is employed in accordance With the ink ?oW 
rate and ambient temperature. Besides, it is preferable that 
the head unit to be heated is thermally isolated or insulated 
so as not to be affected by the temperature of the device itself 
and of the ambient. To reduce the start-up time needed for 
heating the printer and also to reduce the loss of heat energy, 
it is preferable to thermally insulate the heating unit from 
other portions and also to reduce the overall thermal capac 
ity of the unit. 

In the present invention, a recording medium With no ink 
absorptivity means paper or cloth into Which Water ink can 
hardly penetrates, metallic or plastic material into Which the 
ink cannot penetrate, including a recording medium such as 
plate and ?lm made of phenol, melamine, vinyl chloride, 
acryl, polycarbonate and other resins, or a recording medium 
With a surface layer (printing layer) made of material With no 
ink absorptivity. Material With no ink absorptivity means, 
for example, plastic and metal of various kinds. 
The viscosity of the ink used in the present invention is 

preferably 10 to 500 mPa-s at 30° C., and more preferably 
40 to 500 mpa-s. If the viscosity is less than 10 mpa-s, 
blurredness becomes remarkable and, if it exceeds 500 
mPa-s, smoothness of print is lost. The viscosity of the ink 
is preferably 3 to 30 mPa-s at 60° C., and more preferably 
3 to 20 mPa~s. If the viscosity is less than 3 mPa-s, high 
speed emission results in failure and, if it exceeds 30 mPa~s, 
emission performance deteriorates. 
As the photo-polymeriZing compound used in the present 

invention, radical-polymerizing compound, such as photo 
setting material using the photo-polymeriZing composition 
as disclosed in the Japanese Application Patent Laid-Open 
Publication No. Hei 07-159983, the Japanese Published 
Patent No. Hei 07-31399, Japanese Application Patent Laid 
Open Publication No. Hei 08-224982, and No. Hei 10-863, 
and cationic-polymeriZing type photosetting resin are 
knoWn. Of late, photo-cationic-polymeriZing type photoset 
ting resin that is sensitiZed to have Wider Wavelength beyond 
the visible light has been disclosed, for example, in the 
Japanese Application Patent Laid-Open Publication No. Hei 
06-43633 and No. Hei 08-324137. 

Radical-polymerizing compound is a compound contain 
ing ethylenic unsaturated bond that can be radical 
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polymerized. It can be any form of a compound, including 
a chemical form of monomer, oligomer and polymer, if it 
contains at least one ethylenic unsaturated bond that can be 
radical-polymeriZed. It is acceptable to use only one type of 
radical-polymeriZing compound, and also to use tWo or 
more types together, at a desired mix ratio, so as to improve 
a desired characteristic. 

Compound containing ethylenic unsaturated bond that 
can be radical-polymerized includes unsaturated carbonic 
acid and salt thereof, such as acrylic acid, methacrylic acid, 
itaconic acid, crotonic acid, isocrotonic acid, and maleic 
acid, and also ester, urethane, amide, anhydride, acrylonitril, 
styrene, and various types of other radical-polymerizing 
compounds, such as unsaturated polyester, unsaturated 
polyether, unsaturated polyamide, and unsaturated urethane. 
To be speci?c, they are acrylic derivative such as 2-ether 
hexyl acrylate, 2-hydroxy ether acrylate, butoxy ether 
acrylate, carbitol acrylate, cyclohexyl acrylate, tetrahydro 
furfuryl acrylate, benZyl acrylate, bis (4-acryloxy poly 
ethoxy phenyl)propane, neopentyl glycol acrylate, 1,6 hex 
anediol diacrylate, ethylene glycol diacrylate, diethylene 
glycol diacrylate, triethylene glycol diacrylate, tetraethylene 
glycol diacrylate, polyethylene glycol diacrylate, polypro 
pylene glycol diacrylate, pentaerythritol triacrylate, pen 
taerythritol tetraacrylate, dipentaerythritol tetraacrylate, tri 
methylol propane triacrylate, tetramethylol methane 
tetraacrylate, oligoester acrylate, N-methylol acryl amide, 
diacetone acryl amide, epoxy acrylate, methacrylic deriva 
tive such as methyl methacrylate, n-butyl methacrylate, 
2-ethyl hexyl methacrylate, lauryl methacrylate, allyl 
methacrylate, glycidyl methacrylate, benZyl methacrylate, 
dimethyl amino methyl methacrylate, 1,6 hexane diol 
dimethacrylate, ethylene glycol dimethacrylate, triethylene 
glycol dimethacrylate, polyethylene glycol dimethacrylate, 
polypropylene glycol dimethacrylate, trimethylol ethane 
trimethacrylate, trimethylol propane trimethacrylate, 2,2-bis 
(4-methacryloxy polyethoxy phenyl) propane, and other 
allylic compound derivative such as acryl glycidyl ether, 
diallyl phthalate, triallyl trimellitate. To be more concrete, 
any radical-polymerizing or bridgeable monomer, oligomer 
and polymer, available in the commercial market or Well 
knoWn in the industry, can be employed, including those 
described in “Cross Linking Agent Handbook” by ShinZo 
Yamashita (Taiseisha, 1981), “UV, EB Hardening Hand 
book: Material” by Kiyomi Kato (Kobunshi Kanko-Kai, 
1985), “Application and Market of UV, EB Hardening 
Technology”, page 79, by Radtech Laboratory (CMA, 
1989), and “Polyester Resin Handbook” by Eiichiro Tak 
iyama (Japan Daily Industrial NeWs, 1988). The amount of 
the above radical-polymerizing compound is preferably 1 to 
97 Weight %, and more preferably 30 to 95 Weight %. 

The initiator for radical polymeriZation include the triaZ 
ine derivative as disclosed in the Japanese Published Patent 
(JPP) No. Sho 59-1281, No. Sho 61-621 and Japanese 
Application Patent Laid-Open Publication No. Sho 
60-60104, organic peroxide as disclosed in the Japanese 
Application Patent Laid-Open Publication No. Sho 59-1504 
and No. Sho 61-243807, diaZonium compound as disclosed 
in the JPP No. Sho 43-23684, No. Sho 44-6413, No. Sho 
44-6413, No. Sho 47-1604 and US. Pat. No. 3,567,453, 
organic aZide compound as disclosed in the US. Pat. No. 
2,848,328, No. 2,852,379, and No. 2,940,853, orthoquinone 
diaZide as disclosed in the JPP No. Sho 36-22062, No. Sho 
37-13109, No. Sho 38-18015, and No. Sho 45-9610, various 
types of onium compounds as disclosed in the JPP No. Sho 
55-39162, Japanese Application Patent Laid-Open Publica 
tion No. Sho 59-14023, “Macromolecules” Volume 10, page 
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1307 (1977), am compound as disclosed in the Japanese 
Application Patent Laid-Open Publication No. Sho 
59-142205, metallic allene derivative as disclosed in the 
Japanese Application Patent Laid-Open Publication No. Hei 
01-54440, European Patent No. 109,851, No. 126,712, 
“Journal of Imaging Science” Volume 30, page 174 (1986), 
(oxo) sulfonium organic boron derivative as disclosed in the 
Japanese Application Patent (JAP) No. Hei 04-56831 and 
No. Hei 04-89535, titanocen group as disclosed in the 
Japanese Application Patent Laid-Open Publication No. Sho 
61-151197, transition metal derivative containing the tran 
sition metal such as ruthenium as disclosed in the “Coordi 
nation Chemistry RevieW” Volume 84, pages 85 to 277 
(1988) and the Japanese Application Patent Laid-Open Pub 
lication No. Hei 02-182701, 2,4,5-triallyl imidaZol dimer as 
disclosed in the Japanese Application Patent Laid-Open 
Publication No. Hei 03-209477, carbon tetrabromide, and 
organic halogen compound as disclosed in the Japanese 
Application Patent Laid-Open Publication No. Sho 
59-107344. It is preferable that the polymeriZation initiator 
as above is contained by a range of 0.01 to 10 Weight % in 
100 Weight % of the compound containing ethylene unsat 
urated bond that can be radical-polymerized. 

Cation polymeriZation type photosetting resin is a type 
(mainly an epoxy type) in Which macro molecular action is 
caused by the cation polymeriZation, such as an epoxy type 
UV-setting prepolymer or monomer, including prepolymer 
that contains tWo or more epoxy bases in a molecule. This 
type of prepolymer includes alicyclic polyepoxide group, 
polyglycidyl ester group of polybasic acid, polyglycidyl 
ether group of polyatomic alcohol, polyglycidyl ether group 
of polyoxyal quillane glycol, polyglycidyl ether group of 
aromatic polyol, hydrogen added compound of polyglycidyl 
ether group of aromatic polyol, urethane polyepoxy 
compound, and epoxidated polybutadiene group. It is 
acceptable to use only one type of one of the above 
prepolymer, and also to use tWo or more types together in 
mixture. 

Cation-polymerizing compound contained in cation 
polymeriZing composition includes, for example, (1) styrene 
derivative, (2) vinyl naphthalene derivative, (3) vinyl ether 
group, and (4) N-vinyl compound as listed beloW. 

(1) Styrene Derivative 
For example, styrene, p-methyl styrene, p-methoxy 

styrene, [3-methyl styrene, p-methyl-[3-methyl styrene, 
ot-methyl styrene, and p-methoxy-[3-methyl styrene 

(2) Vinyl Naphthalene Derivative 
For example, 1-vinyl naphthalene, ot-methyl-1-vinyl 

naphthalene, [3-methyl-1-vinyl naphthalene, 4-methyl-1 
vinyl naphthalene, and 4-methoxy-1-vinyl naphthalene, 

(3) Vinyl Ether Group 
For example, isobutyl vinyl ether, ethyl vinyl ether, phe 

nyl vinyl ether, p-methyl phenyl vinyl ether, p-methyl phe 
nyl vinyl ether, p-methoxy phenyl vinyl ether, ot-methyl 
phenyl vinyl ether, [3-methyl isobutyl vinyl ether, and 
[3-chloro isobutyl vinyl ether, 

(4) N-vinyl Compound 
For example, N-vinyl carbaZole, N-vinyl pyrolidone, 

N-vinyl indole, N-vinyl pyrrole, N-vinyl phenothiaZine, 
N-vinyl acetoanilide, N-vinyl ethyl acetoamide, N-vinyl 
succinimide, N-vinyl phthalimide, N-vinyl caprolactam, and 
N-vinyl imidaZol 
The content of the above cation-polymerizing compound 

in a cation-polymerizing composition is preferably 1 to 97 
Weight %, and more preferably 30 to 95 Weight %. 



US 6,951,376 B2 
15 

Aromatic onium salt can be used as the initiator of 
cation-polymerizing photosetting resin. Aromatic onium salt 
includes salt of Va Group element in the Period Table such 
as phosphonium salt (for example, hexa?uoro phosphate 
triphenyl phenacil phosphonium), salt of VIa Group element 
such as sulfonium salt (for example, tetra?uoro borate 
triphenyl sulfonium, hexa?uoro phosphate triphenyl 
sulfonium, and hexa?uoro antimonite triphenyl sulfonium), 
and salt of VIIa Group element such as iodonium salt (for 
example, chloride diphenyl iodinium). 
Use of the aromatic onium salt as the cation 

polymeriZation initiator in the polymeriZation of epoxy 
compound is described in detail in the US. Pat. No. 4,058, 
401, US. Pat. No. , 4,069,055, US. Pat. No. 4,101,513, and 
US. Pat. No. 4,161,478. 

Sulfonium salt, element in VIa Group is a preferable 
cation-polymeriZation initiator. Among the elements in the 
group, hexa?uoro antimonite triaryl sulfonium is preferable 
in vieW of the ultraviolet light hardening performance and 
storage stability of composition having ultraviolet light 
hardening performance. Beside, it is possible to freely use 
any one of the Well-knoWn photo-polymeriZation initiators 
as described in “Photo-polymer Handbook” (Written by 
Photo-polymer Meeting Member, issued by Industrial 
Research Laboratory, 1989) or compounds as disclosed in 
the Japanese Application Patent Laid-Open Publication No. 
Sho 64-13142 and No. Hei 02-4804. 

The ink used in the present invention can contain additive 
such as reaction thinner, ?ller, ?oW enhancer, thixotropic 
agent, Wetting agent, anti-foaming agent, and plasticiZer. 
Besides, it is acceptable to add stabiliZer, such as Weather 
resisting agent, UV absorbing agent, anti-oxidation agent, 
polymeriZation inhibitor, and anticorrosion agent, or Si 
compound, or Wax. 

The coloring material that can be used in the present 
invention includes conventionally knoWn Water-soluble dye, 
oil-soluble dye, and pigment. In this invention, pigment is 
more preferable. 

Water-soluble dye includes, for example, C. I. Direct 
Black-2, -4, -9, -11, -17, -19, -22, -32, -80, -151, -154, -168, 
-171, and -194, CI. Direct Blue-1, -2, -6, -8, -22, -34, -70, 
-71, -76, -78, -86, -112, -142, -165, -199, -200, -201, -202, 
-203, -207, -218, -236, and -287, C. I. Direct Red-1, -2, -4, 
-8, -9, -11, -13, -15, -20, -28, -31, -33, -37, -39, -51, -59, -62, 
-63, -73, -75, -80, -81, -83, -87, -90, -94, -95, -99, -101, -110, 
and -189, C. I. Direct Yellow-1, -2, -4, -8, -11, -12, -26, -27, 
-28, -33, -34, -41, -44, -48, -58, -86, -87, -88, -135, -142, and 
-144, C. I. Food Black-1, and -2, C. I. Acid Black-1, -2, -7, 
-16, -24, -26, -28, -31, -48, -52, -63, -107, -112, -118, -119, 
-121, -156, -172, -194, and -208, C. I. Acid Blue-1, -7, -9, 
-15, -22, -23, -27, -29, -40, -43, -55, -59, -62, -78, -80, -81, 
-83, -90, -102, -104, -111, -185, -249, and -254, C. I. Acid 
Red-1, -4, -8, -13, -14, -15, -18, -21, -26, -35, -37, -110, 
-144, -180, -249, and -257, C. I. Acid Yellow-1, -3, -4, -7, 
-11, -12, -13, -14, -18, -19, -23, -25, -34, -38, -41, -42, -44, 
-53, -55, -61, -71, -76, -78, -79, and -122. 

Oil-soluble dye includes aZo dye, metal complex salt dye, 
naphthole dye, anthraxquinone dye, indigo dye, carbonium 
dye, quinoimine dye, cyanine dye, quinoline dye, nitro dye, 
nitroso dye, benZoquinone dye, naphthoquinone dye, naph 
thal imide dye, perynon dye, and phthalocyanine dye, but 
not limited thereto. 

None-Water-soluble dye and pigment are not limited to 
any but organic pigment, inorganic pigment, colored poly 
mer particle, non-Water-soluble dye, dispersing dye, and 
oil-soluble dye are included. Black pigment includes carbon 
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black pigment such as furnace black, lamp black, acetylene 
black, and channel black; for example, Raven 7000, Raven 
5750, Raven 5250, Raven 5000 ULTRA II, Raven 3500, 
Raven 2000, Raven 1500, Raven 1250, Raven 1200, Raven 
1190 ULTRA II, Raven 1170, Raven 1255, Raven 1080, and 
Raven 1060 (all above manufactured by Colombian Carbon 
Co.), Regal 400R, Regal 1330R, Regal 1660R, Mogul L, 
Black Pearls L, Monarch 700, Monarch 800, Monarch 880, 
Monarch 900, Monarch 1000, Monarch 1100, Monarch 
1300, and Monarch 1400 (all above manufactured by Cabot 
Co.), Color Black FW1, Color Black FW2, Color Black 
FW2V, Color Black 18, Color Black FW200, Color Black 
S150, Color Black S160, Color Black S170, Printex 35, 
Pritex U, Printex 140U, Printex 140V, Special Black 6, 
Special Black 5, Special Black 4A, and Special Black 4 (all 
above manufactured by Degussa Co.), and No. 25, No. 33, 
No. 40, No. 47, No. 52, No. 900, No. 2300, MCF-88, 
MA600, MA7, MA8, and MA100 (all above manufactured 
by Mitsubishi Chemical, Co.) can be used. Besides, mag 
netic ?ne particle, such as magnetite and ferrite, and tita 
nium black can also be used as black pigment. 

Cyan pigment includes C. I. Pigment Blue-1, C. I. Pig 
ment Blue-2, C. I. Pigment Blue-3, C. I. Pigment Blue-15, 
C. I. Pigment Blue-15:1, C. I. Pigment Blue-15:3, C. I. 
Pigment Blue-15:34, C. I. Pigment Blue-16, C. I. Pigment 
Blue-22, and C. I. Pigment Blue-60. 
Magenta pigment includes C. I. Pigment Red-5, C. I. 

Pigment Red-7, C. I. Pigment Red-12, C. I. Pigment Red-48, 
C. I. Pigment Red-48:1, C. I. Pigment Red-57, C. I. Pigment 
Red-112, C. I. Pigment Red-122, C. I. Pigment Red-123, C. 
I. Pigment Red-146, C. I. Pigment Red-168, C. I. Pigment 
Red-184, and C. I. Pigment Red-202. 

YelloW pigment includes C. I. Pigment Yellow-1, C. I. 
Pigment Yellow-2, C. I. Pigment Yellow-3, C. I. Pigment 
Yellow-12, C. I. Pigment Yellow-13, C. I. Pigment YelloW 
14, C. I. Pigment Yellow-16, C. I. Pigment Yellow-17, C. I. 
Pigment Yellow-73, C. I. Pigment Yellow-74, C. I. Pigment 
Yellow-75, C. I. Pigment Yellow-83, C. I. Pigment YelloW 
93, C. I. Pigment Yellow-95, C. I. Pigment Yellow-97, C. I. 
Pigment Yellow-98, C. I. Pigment Yellow-114, C. I. Pigment 
Yellow-128, C. I. Pigment Yellow-129, C. I. Pigment 
Yellow-151, and C. I. Pigment Yellow-154. 

In addition to the black as Well as three elementary colors 
of Cyan, Magenta and YelloW, speci?c color pigment such 
as red, green, blue, broWn and White, metallic glossy pig 
ment such as gold and silver, colorless extender pigment, 
and plastic pigment can also be used. Further, any neWly 
composed pigment other than the above can also be used. 
Furthermore, these pigments may have been surface treated. 
Surface treatment method includes treatment by coupling 
agent, such as alcohol, acid, base, and silane compound, 
graft polymeriZing treatment, and plasma treatment. The 
coloring material used in the present invention is preferred 
to have smaller content of organic and inorganic impurity. 
Since, coloring material available in the market has higher 
content of impurity, it is preferable to use re?ned product of 
the material. The coloring material used for the aforemen 
tioned solid ink composition in the present invention is in a 
range of 0.5 to 30 Weight % of the ink, and preferably in a 
range of 1 to 15 Weight %. 

In the present invention, it is preferable to use dispersed 
pigment. To disperse the pigment, various types of equip 
ment can be used, including ball mill, sand mill, Atlighter, 
roll mill, agitator, Henschell mixer, colloid mill, ultrasonic 
homogeniZer, purl mill, Wet jet mill, and paint shaker. It is 
also preferable to use centrifugal separator or ?lter so as to 












